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$EVWUDFW
5HPDQXIDFWXULQJHQJLQHHULQJLVDQHIIHFWLYHZD\WRVROYHWKHZDVWHRIUHVRXUFHDQGWKHUHIXUELVKPHQWRIZDVWHHTXLSPHQW/DVHU
UHPDQXIDFWXULQJ WHFKQRORJ\ PDLQO\ XWLOL]HV WKH ODVHU FODGGLQJ WR UHSDLU WKH FRPSRQHQWV DQG SDUWV ZKLFK ZHUH GDPDJHG RU
VFUDSSHGGXULQJWKHLUVHUYLFHOLIHDQGLWKDVEHFRPHDQLPSRUWDQWSDUWRIWKHUHPDQXIDFWXULQJHQJLQHHULQJ,QRUGHUWRHYDOXDWH
WKH UHPDQXIDFWXULQJ YDOXH RI WKH ZRUNEODQN D FRPSUHKHQVLYH VWXG\ RQ WKH SURSHUWLHV RI WKH UHPDQXIDFWXULQJ ZRUNEODQN LV
QHHGHG 7KH; KLJK GHIRUPDELOLW\ SLSHOLQH VWHHO DUH XVXDOO\ XVHG DV WKH RLO DQG JDV WUDQVPLVVLRQ SLSHOLQH DQG WKH\ FDQ EH
GDPDJHG E\ KLJK WHPSHUDWXUH GXULQJ WKH VHUYLFH OLIH 3URSHUWLHV RI ; KLJK GHIRUPDELOLW\ SLSHOLQH VWHHO GDPDJHG E\ KLJK
WHPSHUDWXUHZHUHLQYHVWLJDWHGLQWKLVSDSHU'LIIHUHQWGDPDJHWHPSHUDWXUHDQGWLPHZHUHFKRVHQWRVLPXODWHWKHSRVVLEOHGDPDJH
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,QWURGXFWLRQ
5HPDQXIDFWXULQJHQJLQHHULQJLVDQHIIHFWLYHZD\WRVROYHWKHZDVWHRIUHVRXUFHDQGWKHUHIXUELVKPHQWRIZDVWH
HTXLSPHQW >@ $V WKH XUJHQW QHHGV IRU UHPDQXIDFWXULQJ RI WKH VRFLHW\ DQG WKH UDSLG GHYHORSPHQW RI ODVHU
PDQXIDFWXULQJ WHFKQRORJ\ WKH ODVHU UHPDQXIDFWXULQJ WHFKQRORJ\ KDV EHFRPH DQ LPSRUWDQW SDUW RI WKH
UHPDQXIDFWXULQJHQJLQHHULQJ>@/DVHUUHPDQXIDFWXULQJWHFKQRORJ\PDLQO\XWLOL]HVWKHODVHUFODGGLQJWRUHSDLUWKH
FRPSRQHQWV DQG SDUWVZKLFKZHUH GDPDJHG RU VFUDSSHG GXULQJ WKHLU VHUYLFH OLIH >@ DQG WKH SURSHUWLHV RI ODVHU
UHPDQXIDFWXULQJSURGXFWVFDQPHHWRUH[FHHGWKHQHZRQH
7KHTXDOLW\RIWKHUHPDQXIDFWXULQJSURGXFWLQFOXGHVWZRSDUWVWKHTXDOLW\RIWKHUHPDQXIDFWXULQJZRUNEODQNDQG
WKH TXDOLW\ RI WKH UHPDQXIDFWXULQJ FRDWLQJ ,Q RUGHU WR HYDOXDWH WKH UHPDQXIDFWXULQJ YDOXH RI WKH ZRUNEODQN D
FRPSUHKHQVLYHVWXG\RQWKHSURSHUWLHVRIWKHUHPDQXIDFWXULQJZRUNEODQNLVQHHGHG7KHKLJKWHPSHUDWXUHGDPDJH
XVXDOO\ RFFXUV RQ WKH VXUIDFH RI PDWHULDOV DQG ODVHU FODGGLQJ LV DQ DGYDQFHG DQG HIIHFWLYH HTXLSPHQW





WKH QHDU  \HDUV 7KH SLSHOLQH FDQ EH GDPDJHG E\ FRUURVLRQ GXULQJ WKH VHUYLFH OLIH 7KH JDV OHDN PD\ FDXVH
H[SORVLRQ DFFLGHQWV DQG VRPH SLSHOLQHV FDQEH GDPDJHG E\KLJK WHPSHUDWXUH ,I DOO RI WKH GDPDJHG FRPSRQHQWV
ZHUHUHJDUGHGDVXVHOHVVQHVVWKHVHFDQFDXVHJUHDWHFRQRPLFORVV7KHSLSHOLQHZDVWHSURFHVVLQJWHFKQRORJ\V\VWHP
DQGVWDQGDUGVSHFLILFDWLRQKDVQRWEHHQIRUPHGDQGWKHUHVHDUFKRIZDVWHWUHDWPHQWWHFKQRORJ\LVDOPRVWLQWKHEODQN




'LIIHUHQW GDPDJH WHPSHUDWXUH DQG WLPH ZHUH FKRVHQ WR VLPXODWH WKH SRVVLEOH GDPDJH FRQGLWLRQV 7KHQ WKH






K LQDPXIIOH IXUQDFH&RQVLGHULQJPDQ\RLODQGJDVSLSHOLQHVZHUHEXULHG LQ WKHJURXQG WKHVSHFLPHQVZHUH
FRROHGWRURRPWHPSHUDWXUHLQWKHIXUQDFH
7DEOH&KHPLFDOFRPSRVLWLRQVRI;SLSHOLQHVWHHOPDVVSHUFHQW
& 0Q 0R 1L &X 6L 1E &U 7L )H










FRQFHUQHGPDLQO\VR WKHPLFURKDUGQHVVZDVMXVW WHVWHGRQ WKHVXUIDFH)LYHGLIIHUHQWSRVLWLRQVRQ WKHVXUIDFHRI
HDFK VSHFLPHQ ZHUH VHOHFWHG IRU KDUGQHVV WHVW DQG WKH ILQDO YDOXH RI PLFURKDUGQHVV WR HDFK VSHFLPHQ ZHUH
FDOFXODWHGE\WKHPHDQYDOXHRIWKRVHILYHSRLQWV
7KH PHWDOORJUDSKLF VSHFLPHQ ZHUH SUHSDUHG E\ VWDQGDUG PHFKDQLFDO SROLVKLQJ DQG HWFKHG LQ D VROXWLRQ
FRPSULVHGRIQLWULFDFLGDQGDOFRKRO7KHPLFURVWUXFWXUHVZHUHH[DPLQHGXVLQJDQRSWLFDOPLFURVFRSH20
5HVXOWVDQGGLVFXVVLRQ
3.1. Effects of high temperature damage on the mechanical properties of the specimens  
7DEOH VKRZV WKH WHQVLOH WHVW UHVXOWV RI WKH;KLJKGHIRUPDELOLW\SLSHOLQH VWHHO$FFRUGLQJ WR WKHVH UHVXOWV
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WKH PHFKDQLFDO SURSHUWLHV DUH FKDQJHG DOO WKH ZD\V HVSHFLDOO\ DV WKH WHPSHUDWXUH LV ć WKH PHFKDQLFDO
SURSHUWLHVGHFUHDVHVLJQLILFDQWO\WKH\LHOGVWUHVVLVMXVWDERXWRIWKHEDVHPHWDODQGWKHWHQVLOHVWUHVVLVDERXW
RIWKHEDVHPHWDO
3.2. Effects of high temperature damage on the micro-hardness of the specimens 
0LFURKDUGQHVV LV DOZD\V XVHG LQ WKH VWXG\ RI WKHUPDO GDPDJH RI WKH PDWHULDOV > @ 7KH PDWHULDO VXUIDFH
KDUGQHVVZDVWHVWHGZKHQWKHR[LGHOD\HURQWKHVXUIDFHRIWKHPDWHULDOGDPDJHGE\KLJKWHPSHUDWXUHZHUHUHPRYHG
7KH UHVXOWV DUH VKRZQ LQ7DEOH:LWK WKH ULVH LQ WKH WHPSHUDWXUHRI WKHSURFHVV WKHKDUGQHVVRI WKH VSHFLPHQV
GHFOLQHJUDGXDOO\:KHQWKHWHPSHUDWXUHUHDFKHVćRUWKHGDPDJHWLPHUHDFKKPDWHULDOKDUGQHVVEHFRPH
VWDEOH DQG WKLV KDV D JRRG FRRUGLQDWH ZLWK WKH FKDQJH RI WHQVLOH VWUHQJWK ([SHULPHQWDO UHVXOWV VKRZ WKDW WKH











3.3. Effects of high temperature damage on the micro-structure of the specimens 
7KHPLFURVWUXFWXUH KDV D GHFLVLYH HIIHFW RQ WKH SHUIRUPDQFH RI WKH PDWHULDO ,Q WKLV H[SHULPHQW WKH GDPDJH
WHPSHUDWXUHZHUHVHWDVć$FFRUGLQJWRWKHLURQFDUERQDOOR\SKDVHGLDJUDPZKHQWKHWHPSHUDWXUH
ZDV ć ć WKHPDLQ FRPSRQHQWV RI WKHPDWHULDO DUH IHUULWH DQG DXVWHQLWH:KHQ WKH WHPSHUDWXUH XS WR
ć WKHPDLQFRPSRQHQWVRI WKHPDWHULDO DUH FKDQJHG WR WKHDXVWHQLWLF DQG WKH UHFU\VWDOOL]DWLRQDUH WDNHQ ,Q
ćODWWLFHVKLIWZLOORFFXURQWKHLURQRIIHUULWH&DUERQDWRPVZRXOGSUHFLSLWDWHIURPWKHVROLGVROXWLRQDQGWKHQ
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WKHFHPHQWLWHZRXOGEHJHQHUDWHG:LWKWKHFKDQJHVRIWKHPDWHULDOSHUIRUPDQFHWKHPLFURVWUXFWXUHRIWKHPDWHULDO
ZLOOEHFKDQJHGVLJQLILFDQWO\












RI JUDLQ ERXQGDU\PLJUDWLRQ DQGPHUJHU LQ JHQHUDO DV WKH H[WHQVLRQ RI WLPH RI KHDW SUHVHUYDWLRQ WKH DXVWHQLWLF
JUDLQ VL]HZLOO FRQWLQXH WR JURZ XS 6R WKH SHUIRUPDQFH RI WKHPDWHULDOV GDPDJHG E\ KLJK WHPSHUDWXUH ZLOO EH
GHFUHDVHG 7KH LQKHUHQW JUDLQ VL]H VLJQLILHV WKH JURZWK WHQGHQF\ RI DXVWHQLWLF JUDLQ RI WKH VWHHO XQGHU FHUWDLQ
FRQGLWLRQV;SLSHOLQHVWHHOLVEHORQJWRWKHILQHJUDLQHGVWHHOEHFDXVHRIWKHVPDOOLQKHUHQWDXVWHQLWLFJUDLQVL]H
7KHDXVWHQLWLFJUDLQVJURZVORZO\ZKHQ WKH WHPSHUDWXUH LVQRWKLJKHU WKDQć$V VKRZQ LQ)LJZLWK WKH






























7KH SURSHUWLHV RI ; SLSHOLQH VWHHO DUH FKDQJHG E\ WKH GDPDJH WHPSHUDWXUH DQG WLPH :KHQ WKH GDPDJH
WHPSHUDWXUH LV ć DQG WKH WLPH LVK FRPSDUHGZLWK WKHSURSHUWLHVRIEDVHPHWDO WKH\LHOG VWUHVV DQG WKH
WHQVLOHVWUHVVLVMXVWDERXWDQGRIZKLFKUHVSHFWLYHO\7KHPHFKDQLFDOSHUIRUPDQFHRIWKHPDWHULDOVZLOO





7KH DXWKRUV RI WKLV SDSHU ZLVK WR DFNQRZOHGJH WKH VXSSRUW RI WKH 1DWLRQDO KLJK WHFKQRORJ\ UHVHDUFK DQG
GHYHORSPHQWSODQSODQRI&KLQD*UDQW1R$$´
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